Double-stranded (ds)RNA is an important nonspecific indicator of the presence of RNA viruses in bacteria, fungi and plants (1, 3) . The dsRNA usually represents either the replicative form or the genome of an RNA virus, or it may be an intermediate in the replication of viroids or satellite RNAs. Its size(s) can provide specific information on the likely identity of a virus-like agent infecting a host, and successful isolation and purification of the dsRNA allows it to be cloned for use as a specific diagnostic molecular probe without the need for purifying the virus (4) . Sequence analysis of clones provides information on the likely taxonomic position of a virus-like agent associated with the dsRNA (5) and can lead to identification of the virus.
The preferred method for dsRNA isolation uses differential absorption of the dsRNA fraction from nucleic acid extracts to chemically unmodified fibrous cellulose powder (CF11; Whatman, Maidstone, Kent, England, UK) in the presence of sodium chloride and at a specific ethanol concentration. This is followed by washing, elution in ethanol-free buffer, concentration and electrophoresis (1) . During an investigation of a sugarcane disease of unknown etiology (sugarcane striate mosaic disease [ScSMD] ), in which a disease-associated dsRNA band of about 9 kbp was identified by the routine CF11 procedure, we found that the band intensity in analytical agarose and polyacrylamide gel electropherograms was low and variable. For further study, large amounts of infected leaf were required, and dsRNA had to be isolated from large volumes of nucleic acid extract. We report an improved method for dsRNA isolation that routinely increased yields in the sugarcane system and suggest that it may be applicable to other systems in which the CF11 procedure is unsatisfactory.
Microgranular cellulose has been used previously to recover dsRNA from dissolved polyacrylamide gels (2) . We therefore tested a more finely divided form of cellulose as a replacement for CF11 cellulose. We used a thin-layer chromatography grade of microgranular cellulose (MN 300 cellulose powder; Macherey-Nagel GmbH, Düren, Germany). Direct substitution of the MN 300 cellulose powder for CF11 cellulose in a modification of the column purification method of Dodds (1) was not successful because of extremely low flow rates through the chromatography column. However, when a batch method was used (Table 1) , the yield of 9-kbp dsRNA was consistently at least 10-fold higher than for the CF11 column method (Figure 1 ). The MN 300 powder also recovered dsRNA from Nicotiana tabacuminfected with tobacco mosaic virus and N. glutinosa infected with either alfalfa mosaic virus ( Figure 1 , lane 4) or cucumber mosaic virus at a higher yield than the CF11 column method. A DNase digestion step was included routinely in this procedure to remove host DNA that tended to co-migrate with the 9-kbp dsRNA. Single-stranded RNA contaminants were obtained with both cellulose materials, and these interfered with the detection of dsRNA smaller than 4 kbp ( Figure 1, lanes 2 and 3) . These could be removed either by predigestion of the sample with ribonuclease A (Sigma Chemical, St. Louis, MO, USA) (0.5 µ g/mL in 0.3 M NaCl, 0.1 M Tris-HCl, pH 7.0 at 37°C for 0.5-1 h) or by an absorption-elution cycle on a CF11 cellulose column (1) . RNase A treatment allowed minor subgenomic dsRNAs of 6, 2.6 and 2.5 kbp (which are not visible in Figure 1 ) to be seen only in the MN 300 cellulose-prepared samples when they were fractionated on agarose gels 610BioTechniques
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4.Add 0.5 vol of phenol/chloroform (1:1) and emulsify for 30 min.
5. Centrifuge at 10000 ×gfor 10 min, collect the aqueous phase after centrifugation, and precipitate nucleic acids with 0.8 vol of isopropyl alcohol.
6. Collect the nucleic acid pellet, dissolve in 1.3 ×STE (at 0.8 mL/3 g of leaf extracted) and clarify by centrifugation at 10 000 ×gfor 20 min.
7. Add microgranular cellulose to the supernatant (at 10 mg/3 g of leaf extracted) and mix for 30 min.
8. Add ethanol dropwise to 20% with constant vigorous stirring and mix for 30 min.
9. Collect the cellulose by centrifugation at 10 000 ×gfor 2 min.
10. Wash with STE containing 16.5% ethanol (5 cycles of centrifugation for 0.5 min, alternating with discarding and replacement of the supernatant).
11.Drain and air-dry the cellulose pellet.
12. Elute with STE (100-200 µ L/10 mg of cellulose) and remove cellulose by centrifugation at 10 000 ×gfor 5 min.
13. Digest with RNase-free DNase (RQ1; Promega, Madison, WI, USA) in the recommended buffer (100 U/mL at 37°C for60 min).
14. Extract with 1 vol of phenol/chloroform and precipitate with isopropyl alcohol as above.
15.Analyze by agarose gel electrophoresis.
and stained with ethidium bromide. The yields of 9-kbp dsRNA from the two methods were estimated after the absorption-elution cycle on CF11 cellulose. A dilution series of each preparation and a marker dsDNA were dotted onto and absorbed into an agarose gel, and their staining intensity with ethidium bromide was compared (6) . From 50 g of sugarcane leaf, the CF11 cellulose method yielded 1-5 ng of 9-kbp dsRNA, whereas the MN 300 cellulose method yielded 50-100 ng.
Further purification of the dsRNA for synthesis of cDNA and cloning was done by eluting it after the agarose gel electrophoresis step (Table 1) , treating it with RNase in high salt as above, fractionating it by polyacrylamide gel electrophoresis and eluting it from the gel. Hybridization analysis showed that the cDNA and clones prepared from it (up to 1.2 kbp) were specific to the dsRNA (unpublished).
We conclude that this procedure is particularly useful for the efficient binding and recovery of dsRNA from the initial large volumes commonly obtained when extracting nucleic acids from plants and when the content of dsRNA relative to cellular nucleic acids is expected to be low. In our hands, the greatly increased yields of ScSMD-associated dsRNA obtained by this method have made it possible to further purify, clone and sequence viral genomic RNA and thus determine the etiology of this disease (unpublished). We believe that this modification of a routine method may have general applicability to other systems in which dsRNA isolation is essential. 
